INTRODUCTION
The metal complexes containing synthetic macrocyclic ligands have attracted a great deal of attention because they can be used as models for more intricate biological systems: metalloporphyrins (hemoglobin, myoglobin, cytochromes and chlorophylls), corrins (vitamin B 12 ) and antibiotics (valinomycin, nonactin).
1 In these macrocyclic complexes, both the metal ion and the size of the ring play an important role. 2 The Schiff base macrocyclic complexes which form neutral or cationic complexes with the metal of biological interest, fulfill these requirements because they are extremely rigid. Macrocyclic Schiff bases have been widely studied because they can selectively chelate certain metal ions depending on the number, type and position of their donor atoms, ionic radius of the metal centre and coordinating properties of counter ions. Ideally, the macrocyclic complex is formed by adding required metal ion to a preformed macrocycle. However, the direct synthesis of macrocycles often results in very low yield of the desired product with the combination of competing linear polymerization or other side reactions. Schiff base compounds are widely studied and used, attracting wide range of applications in organic synthesis and metal ion complexation. 3 The conventional synthesis of such compounds is still very common along with modern synthetic approaches. 4 Template condensation reactions lie at the heart of the macrocyclic chemistry.
5
Therefore template reactions have been widely used for synthesis of macrocyclic complexes. 6 The family of complexes with aza-macrocyclic ligands has remained a focus of scientific attention for many decades.
7
In addition to above, increasing attention has been devoted to macrocyclic complexes involving Schiff base hydrazones in view of their potential applications in the field of pharmacology. Complexes of salicylaldehyde benzoylhydrazone were shown to be a potent inhibitor of DNA synthesis and cell growth. 8 This hydrazone also has mild bacteriostatic activity and a range of analogues has been investigated as potential oral ion chelating drugs for genetic disorders such as thalasemia.
9,10
One major topic of interest is to develop homo-multimetallic complexes because they exhibit distinct reactivity pattern as compared to corresponding monometallic complexes. 11 The magnetic interactions and coupling between the metal ions present in such complexes play key role in both natural and synthetic catalysts.
12 As a result, the synthesis and characterization of homo bimetallic complexes 63 continue to attract attention.
13
Following all these observations and as a part of our continuing research on the coordination chemistry of multidentate ligands, [14] [15] [16] [17] we report here the synthesis and structural studies of some unknown homo binuclear macrocyclic complexes from the reaction of ethylenediamine/ orthophenylene diamine, benzil monohydrazone and acetyl acetone in presence of UO 2
2+
, ZrO
, Th 4+ and VO 2+ ions.
EXPERIMENTAL

Materials
All the chemicals used of AR grade. The solvents were purified before use by standard procedures.
Preparation of benzilmonohydrazone/diacetylmonohydrazone
The analytical monohydrazones were synthesized according to literature method. 18 As the isolation of Schiff base ligand proved futile, all the metal complexes were synthesized (in an identical method) in situ by taking different amount of metal salts, ethylene diamine/orthophenylene diamine, benzilmonohydrazone and acetyl acetone.
Preparation of the complexes of the type
An ethanolic solution of hydrated UO 2 (VI)/Th(IV)/ ZrO(IV) nitrates /vanadyl sulphate (1 mmol in 10 mL) was added to a hot ethanolic solution of the mixture of ethylene diamine (1 mmol in 10 mL), benzil monohydrazone (2 mmol in 20 mL) and acetyl acetone (2 mmol in 20 mL). The resulting mixture was refluxed on a water bath for 2-3 hours during which a coloured complex was precipitated out in each case. The ethanolic suspension of the complexes were treated with ethylene diamine (1 mmol in 10 mL), which is followed by the corresponding metal salts (1 mmol in 10 mL EtOH). The mixture was again refluxed for 3-4 hours on a water bath during which the metal complexes of different colour than the precursor complexes were obtained ( Table 1 ). The progress of the reaction was signaled by colour change of the resulting solution. These were filtered off, washed several times with ethanol followed by ether and finally dried in vacuo over anhydrous CaCl 2 (fused) .
Preparation of the complexes of the type [M
2H 2 O by taking orthophenylene diamine instead of ethylene diamine.
Analysis and Physical Measurements
The metal contents in the complexes were determined gravimetrically following standard procedures. 19 A weighed quantity of the compound (0.2-0.3 g) was treated with a few drops of concentrated H 2 SO 4 and 1 cc. of concentrated HNO 3 . It was heated till all the organic matter decomposed and sulphur trioxide fumes came out. The same process was repeated two to three times to decompose the substance completely. Then it was dissolved in water and the resulting solution was used for analysis of metal ions. Uranium, thorium, zirconium and vanadium were precipitated as ammonium diuranate, thorium oxalate, zirconium mandelate and ammonium vanadate followed by subsequent ignition to their respective oxides as U 3 O 8 , thoria (ThO 2 ), zirconia (ZrO 2 ) and V 2 O 5 . Sulphur was determined as BaSO 4 . Room temperature magnetic susceptibilities were measured by Gouy method using Hg [Co(NCS) 4 ] as the calibrant. The molar conductance measurements were carried out at room temperature with a Toshniwal conductivity Bridge (Model CL-01-06, cell constant 0.5 cm -1 ) using 1×10 -3 M solution of the complexes in DMSO. Carbon, hydrogen and nitrogen contents of the complexes were determined by using a MLW-CHN microanalyser. FTIR spectra in KBr pellets were recorded on a varian FTIR spectrophotometer, Australia. The electronic spectra of the complexes in DMSO were recorded on a PerkinElmer* spectrophotometer. Thermogravimetric analysis was done by Netzch-429 thermoanalyser. The 1 H-NMR spectra of the complexes were recorded in DMSO-d 6 medium on JEOL GSX-400 model equipment.
RESULTS AND DISCUSSION
The complexes were formulated from the analytical data and molar conductance data support the suggested formulae ( Table 1 ). The complexes are highly coloured and insoluble in water and common organic solvents such as ethanol, methanol, acetone, CCl 4 , CHCl 3 , benzene and ether but moderately soluble in highly coordinating solvents such as DMF and DMSO. They are non-hygroscopic, highly stable under normal conditions and all of them decompose above 250 o C. The molar conductance data in DMSO for the complexes indicate them to be non-elec-trolyte in nature. However, the conductivity value is higher than as expected for non-electrolytes probably due to partial solvolysis of the complexes in DMSO medium.
20
IR spectra
As the Schiff base ligands could not be isolated, the spectra of the complexes were compared with spectra of the starting materials and other related compounds. The IR spectra of the ligand show strong bands appearing at 1590 and ~1070 cm -1 assignable to azomethine νC=N and νN-N. The position of former band at comparatively lower frequency region than usual free νC=N value 21 and that of later band at comparatively higher frequency region than that of free N-N 22 leads us to suggest that azomethine nitrogen atom has taken part in complexation as evidenced from the appearance of band in the regioñ 480 cm -1 due to ν(M-N). 23 The occurrence of N-N band at higher frequency in the IR spectra of the complex is due to reduction of the repulsion between the loan pair of nitrogen atoms as a result of coordination via azomethine nitrogen atoms. The uranyl complexes exhibit a strong band at ~940-900 cm -1 and the medium intensity band at ~845-830 cm -1 assignable to v as (O=U=O) and ν s (O=U=O) mode respectively. 24 The co-ordination of nitrate ions in unidentate manner has been indicated by the appearance of additional band at the region ~1385 cm -1 and ~1050 cm -1 corresponding to the ν 2 and ν 4 modes of the vibration of coordinating nitrate ion under C 2v symmetry. 25 The zirconyl complexes exhibit one strong band in the region 910-865 cm -1 which can be attributed to the ν(Zr=O) as reported earlier 26 indicating the presence of (Zr=O) 2+ moiety in these complexes. In the oxovanadium polychelates strong bands at ~955 cm -1 are assigned to ν(V=O) modes.
27,28
However, these bands are absent in the complexes of Th(IV). However in vanadyl complexes, an additional series of four bands appeared at ~1110, ~1040, ~970 &~6 45 cm -1 indicating the coordination of sulphate group in unidentate manner through oxygen atom;
29 the symmetry being lowered from T D to C 3V upon coordination. Besides the bands observed at ~3500 cm -1 may be assigned to ν(O-H) of coordinated or lattice water. However all the complexes lost water when heated to ~100 o C indicating the presence of lattice water molecules which has been confirmed by thermal analysis. The representative spectrum of [(Th) 2 (L)(NO 3 ) 4 ]H 2 O complex is shown in Fig. 1 .
Thermal analysis
All these complexes follow the same pattern of thermal decomposition. The complexes remain almost unaffected upto ~40 o C. After this a slight depression upto ~100 o C is observed. The weight loss at this temperature range is equivalent to one water molecule for the complexes (3) and (4), two water molecule for the complexes (5), (6) , (7) and (8) three water molecule for the complexes (1) and (2) indicating them to be lattice water in confirmity with our earlier observations from analytical and IR spectral investigations. The anhydrous complexes remain table upto ~340 o C then the complexes show rapid degradation presumably due to decomposition of organic constituents of the complex molecules as indicated by the steep fall in the percentage weight loss. The decomposition continues uptõ 670 o C and reaches to a stable product in each complex as indicated by the consistency in weight in the plateau of the thermogram. The decomposition temperature varies for different complexes as shown in Table 2 . The thermal stability of the complexes decreases in the order:
In the complexes, weight loss was encountered at ~40 o C to ~100 o C with a broad endothermic peak at the same temperature corresponding to one, two and three molecules of water of crystallization. 30 The representative ther- Fig. 2 .
Electronic spectra
The electronic spectra of the UO 2 (VI) complexes are quite similar. The complexes display mainly one weak band at ~470 nm and a highly intense band at ~280-290 nm, which may be due to
Π u transitions and charge transfer transitions respectively. 31 It may be noted that the band occurring at 370 nm is due to uranyl moiety because of apical oxygen →f 0 (U) transition 31 is being merged with the ligand band due to n→Π * transition as evident from broadness and intensity. The electronic spectra of Th(IV) and ZrO(IV) exhibit only one extra highly intensive band in the region 360-385 nm which may be due to charge transfer band besides the ligand bands. However the electronic spectra could not provide structural details of these complexes. The electronic spectra of VO(IV) complexes show three bands at ~12400, ~18800 and ~25900 cm (a 1 ) respectively, indicating the complexes to be in distorted octahedral environment under C 4V symmetry. 32 The representative spectrum of the Fig. 3 .
Magnetic moment
All the complexes except VO(IV), are diamagnetic consistent with their d 0 and f 0 electronic configuration. The magnetic moment values for the oxovanadium(IV) complexes (7) and (8) Fig. 4 . Based on the foregoing observations the following tentative structures have been proposed for the present complexes.
Fungicidal Screening
The antifungal activity of ZrO(IV) and VO(IV) complexes have been studied by potato dextrose agar diffusion method in DMSO solvent against A. niger and A. flavus. The complexes showed good antifungal activity against the species. This may be explained on the basis that their structures mainly possess C=N bonds. Moreover, coordination reduces the polarity 37,38 of the metal ion mainly because of the partial sharing of its positive charge within the chelate ring formed during coordination. This process increases the lipophilic nature of the central metal atom, which favors its permeation more efficiently through the lipid layer of the micro-organism 39,40 thus destroying them more aggressively. 
